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Supplementary Figure 1. Neural crest migration shows subtle pattern differences depending 
on specific allele deletion of GSK3.  Whole mount in situ hybridization for Sox10 labels migratory 
neural crest in E9.5 mouse embryos. (A, C, E, G) Lateral views. (B, D, F, H) Dorsal views. (A-B) Sox10 
expression in control embryos is detected in the trigeminal, branchial arches, frontonasal process 
and the hindbrain neural crest streams at the level of r4-r6. Note absence of Sox10 positive cells in 
the brain (B, red dotted square) (C, D) Neural crest specific deletion of one allele of each GSK3 
isoform results in accumulation of Sox10 expressing cells in the brain (D, red dotted square) and 
slight reduced expression in branchial arch 1 (C, red arrowhead). (E, F) Mice carrying only one allele 
of GSK3β showed accumulation of Sox10 positive cells in the brain (F, red dotted square), and 
reduced expression in branchial arch 2 and frontonasal process (red arrowheads). (G, H)  Neural 
crest specific deletions carrying only one allele of GSK3α, showed accumulation of Sox10 positive 
cells in the brain (red dotted square) and branchial arch 2  (red line arrowhead). (n≥2).
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Supplementary Figure 2. Timed GSK3 inhibition during frog (Xenopus laevis) neural crest migration 
results in embryo phenotypic defects. (A-C) Length measurement of head structures obtained from st 45 
embryos untreated and treated with GSK3 inhibitor, BIO.  Note that treatments between st.12.5-14 and 
st.14-16, significantly affect head features such as the head width (A, yellow bars) and width between eyes 
(A, green bars), The same treatment timing has an effect on lateral measurements of the distance from the 
posterior edge of the eye (B, red bar) and the anterior edge of the eye (B, blue bar) to the anterior edge of 
the embryo, (C) The height of the tail fin was smaller in embryos treated from st.14 to st.16. (n=12, p>0.001) 
(D) Schematic of craniofacial muscle in tadpoles. 12/101 antibody staining labeling muscle revealed that BIO 
treatment reduced size of craniofacial muscles (green) but does not perturb patterning (n=3).
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Supplementary Figure 3. GSK3 inhibition reduces migration of neural crest cells, but does not 
affect the number or cell size of migratory cells.  (A) Neural crest explants showing in different 
colour shades the cell populations described. In the middle the neural plate (NP), surrounded by a 
cell population that appears more epithelial, the pre-migratory neural crest (pmNC), and finally in 
the outer ring of the explant, the migratory neural crest (mNC) population where cells appear lose 
and show a mesenchymal phenotype. Neural crest cells treated with BIO, show a reduced expansion 
in the mNC. (B) Dot plots representing the absolute values obtained from the NP, pmNC and mNC 
areas. (C) Dot plots showing the number of cells contained in a specific area in control and BIO 
treated explants. Cell area in the pmNC appeared to be increased in BIO treated explants, however in 
the mNC population there was no difference between BIO treated and control samples. (n>15, each 
dot represents an explant. **P<0.001. Scale bar=500µM.
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Supplementary Figure 4. Serine 9/Serine 21 phosphorylation is not 
necessary for normal neural crest cell morphology and knockin mice 
are still sensitive to BIO treatment. (A) Phalloidin staining of neural 
crest explants from GSK3αS21A/S21A ; GSK3βS9A/S9A embryos shows 
actin at the lead edge of cells and in lamellipodia (white arrowheads). (B) 
Treatment with BIO results in more spiky filopodial protrustions and a 
loss of leading edge actin. Representative images of two independent 
experiments. Scale bar=20µM. 
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Supplementary Figure 5. Effect of GSK3 inhibition on actin, lamellipodia and microtubules. (A) 
Percentage of cells containing actin at the cell leading edge. GSK3 inhibition with BIO/CHIR resulted in a 
significant reduction of this percentage.  (B) Percentage of cells that formed fan-shaped lamellipodia in 
control and BIO treated explants. (C) In controls (left) stabilised microtubules marked by acetylated α-tubulin 
are distributed throughout the cell. In BIO treated samples (right), acetylated α-tubulin staining is localized 
perinuclearly, with a bias towards the leading edge of the cell. Relative fluorescence is decreased in treated 
explants. Schematic depicts relocalisation of acetylated α-tubulin staining. (D) In controls (left) unstable 
microtubules, marked by YL1/2, staining is distributed throughout the cell while in BIO treated samples YL1/2 
staining is perinuclear and biased toward the posterior of the cell. Relative fluorescence is significantly 
decreased in BIO-treated samples (*p<0.05). Schematic depicting relocalisation of YL1/2 staining. 
Representative images from two independent experiments, each dot represents an explant.
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Supplementary Figure 6. pY-GSK3 profile in LS neuroblastoma cell line treated with ALK and 
GSK3 inhibitors.  (A) Mesoscale discovery (MSD) assay showing relative levels of active ALK 
(pY1586) and total ALK in the neuroblastoma lines shown in Figure 7A. Note low levels of ALK in LS 
cells. (B) LS cells were treated with ALK inhibitors (1.5μM CTB, 1.5μM AZD-3463 and 1.0μM 
NVP-TAE684) and with GSK3 inhibitors (0.5μM BIO, 1.0μM CHIR99021) for 24h and analysed by 
western blot for pY-GSK3, total GSK3 and ALK. Analysis confirmed absence of ALK in this cell line 
and a lower amount of pY-GSK3 than Kelly cell line (see Figure 7D). Treatment with ALK inhibitors 
showed that CTB did not affect the pY-GSK3 content compared to untreated cells, however AZD 
and NVP seem to have reduced total GSK3 and pY-GSK3 significantly, possibly due to loss of cell 
viability. GSK3 inhibitors maintained total-GSK3 unaffected, however pY-GSK3 expression was not 
detected. (C, D) Relative levels of pY-GSK3α (C) and pY-GSK3β (D) to loading control.
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Supplementary Figure 7. Blots and quantification associated with Figure 7A
(A) Blots probed with anti-pALK-1507 (top) and anti-total ALK (bottom). (B) Blots 
probed with anti-pYGSK3 (top), total GSK3β (middle) and GAPDH (bottom). (C) 
Quantification of ALK (pALK-Y1507) normalized to GAPDH. (D) Quantification of 
pY-GSK3α (top) and pY-GSK3β (bottom) normalized to GAPDH.
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Supplementary Figure 8. Blot and quantitation associated with Figure 7B
(A) Blot probed with anti-pALK-1507 (top) and anti-total ALK (bottom). HSP-90 
bands are evident as well. (B) Blot probed with anti-pYGSK3 (top), total GSK3β 
and total-ALK (bottom). (C) Blot probed with HSP-90.
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Supplementary Figure 9. Blot and quantitation associated with Figure 7C
(A) Blot probed with anti-pALK-1507 (top) and anti-total ALK (bottom). HSP-90 bands are evident as 
well. (B) Blot probed with anti-pYGSK3 (top), total GSK3β and total-ALK (bottom). (C) Blot probed with 
HSP-90. (D) Quantification of ALK-220kd (left) and ALK-140kd (right) normalized to HSP-90 levels. (E) 
Quantification of pY-GSK3α (left) and pY-GSK3β (right) normalized to HSP-90.
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Supplementary Table 1: Mouse lines 

 

Allele Allele type Reference 

GSK-3αtm1Dral GSK-3α Knock-in of S9A mutation McManus EJ et al., 20051 

GSK-3αtm1a(EUCOMM)Wtsi GSK-3α lacZ knock-in reporter and 
 “conditional ready floxed” allele 

Barrell W et al., 20122 

GSK-3βtm1Dral GSK-3β knock-in of S21A mutation McManus EJ et al., 20051 

GSK-3βtm1Dgen GSK-3β lacZ knock-in reporter Barrell W et al., 20122 

GSK-3βtm1.1Ypc GSK-3β floxed allele He et al., 3 

pCAG::cre-ERT2 Tamoxifen inducible ubiquitous 
driver of cre recombinase 

Hayashi & McMahon, 20024 

Tg(Wnt1-cre)11Rth Wnt1 promoter driving cre 
recombinase 

Danielian et al., 19985 

GT(Rosa)R26SorTm4(ACTB-

tdTomato-EGFP)Luo 
Cre dependent membrane GFP 
reporter (mTomato in absence of cre) 

Muzumdar et al., 20076 

 



 
Supplementary Table 2: Neuroblastoma cell lines 

 

Cell line Source, lot number Reference 

LS DMSZ (ACC 675) lot #1 7,8 

CHP-212 ATCC CRL-2273 lot #58063161 9 

Kelly DMSZ (ACC 355) lot #7 10,11 

SK-N-SH HPA lot #09/D/005 12 

SH-SY-5Y DMSZ (ACC 209) lot #12 13,14 

IMR32 HPA lot #04/K/012 15,16 

BE(2)C ATCC CRL-2268 lot #10H023 17 

SK-N-AS ATCC CRL-2137 lot #58078525 18 

IMR5 gift from Martin Eilers, Wurzburg 19 

 



 
Supplementary Table 3. Antibodies 

 
Immunofluorescence (IF), Immunohistochemisty (IHC) and Western Blotting (WB). 

 

Antibody Company/Catalogue 
number 

Dilution for 
IF/IHC 

Dilution for WB 

mouse phospho GSK3 
Tyr279/216 

Millipore 05-413 1:300 1:1000  

rabbit p75NTR Millipore 07-476 1:500 IF  
rabbit total ALK D5F3 Cell Signaling Tech 

#3633 
1:300 IF  

rabbit phospho-Y1507 
ALK 

Cell Signaling Tech 
#14678 

1:200 IHC  

rabbit pFAK Abcam 39967 1:300 IF 1:1000 WB 
rabbit RAC1 Santa Cruz SC-217 1:500 IF  
mouse CDC42 Santa Cruz SC-8401 1:300 IF  
rabbit lamellipodin provided by Krause Lab 1:200 IF  
rabbit GAPDH Cell Signaling #2118  1:1000 WB 
mouse HSP90a/b Santa Cruz SC-13119  1:1000 WB 
anti-muscle antibody DHSB 12/101 Supernatant 1:5  
mouse IgG-Alexa 488  1:1000 IF  
mouse IgG Alexa 568  1:1000 IF  
rabbit IgG-Alexa 488  1:1000 IF  
rabbit IgG-Alexa 568  1:1000 IF  
Mouse IgG Peroxidase   1:10,000 WB 
Rabbit IgG-Peroxidase   1:10,000 WB 
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